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This report describes two in situ vitrification field tests conducted on 
^I_..l_i^i L .._ 2-A .._- A.. ..>L^ -I ,,.^ <.... i,."." ~,,,,",dLC" ""I ,eu w(I,,Le p, L, ""I "'y uu,,r and July 1990 at the Idaho National 

Engineering Laboratory. In situ vitrification, an emerging technology for in- 
place conversion of contaminated soils into a durable glass and crystalline 
Waste iOiW 1._..__ AZ-^&^.. , -is beiiig IIIV~~LI~~L~U aS ii pOt?i~tial i%fiediatiOi? teChiiOlOCjq' for 
buried waste. The overall objective of the two tests was to assess the 
general suitability of the process to remediate waste structures 
_^^_^^^ ..+..er..- ^C I^....:^.4 ,L.-^C^ c ̂ ..^ A -+ Trl-L- hI.+;^..., C^";..^^."i..,. /. b.n--.+,.W,, rrp,r,er,baLl"r VI vu, ICC" *ia>k,c l""llU aL IU(IIIU I'I(1LI"IILII Lily IIICCI ,,,y La"", OLU,J. 
In particular, these tests, as part of a treatability study, were designed to 
provide essential information on the field performance of the process under 
^^^-1:i:^-^ ^.c ..:....z .c2..-..e ^^-L,,^C;L,^ LVIIU I L tuti> VI h lyre I / ~L~IIL L-UIIIUU~L I UIC 2nd iEta 'WaStSS and t0 test 2 n?'Wlq' 
developed electrode feed technology. The tests were successfully completed, 
and the electrode feed technology successfully processed the high metal 
^.._*^_A ..^_A.. T^^A ._^^.. ,A.. :--11^-*^ CL" ^Y^_^__ :- L."llLrllL Wrl>LC. ItzbL I~t!,UI L, III"ILllbC LllC p,rvL..r>> I, a feasible technology for 
application to buried waste. 
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During June and July 1990 two in situ vitrification (ISV) field tests 
r:-..-^*:^-‘ were conducted at idaho Fiational Engineering Laboratory (IIKL) to InvesLltJaLe 

the application of ISV to buried waste. The Intermediate Field Tests were a 
cooperative effort between INEL and Battelle, Pacific Northwest Laboratory 
, -... . ___.1-___A (YNL) using PFii intermediate-scale processing equ~Pmrn~. 

The Intermediate Field Tests were conducted as part of a treatability 
study investigating iSV as a potential remediation technology for use at the 

Subsurface Disposal Area (SDA) of INEL. The U.S. Department of Energy has 
identified the need to remediate waste disposed between 1954 and 1970 at the 
^,.. WH I Concerns over the human health and environmental effects of the Liastes 
disposed at the SDA have arisen due to the discovery of various contaminants, 
notably solvents, in groundwater underlying the site. In addition', organic 
contaminants and radionuclides have been detected in sedimentary interbeds and 
perched groundwater beneath the SDA, indicating migration away from the 
disposal area. As a result of these discoveries and other waste disposal 
activities, iNEi was included in November is89 0i1 the 6.5. iii.vi ronmenial 

Protection Agency National Priority List under the Comprehensive Environmental 
Response, Compensation, and Liability Act. This listing has led to the need 

^..--^I + for the remediai investigationjfeasibiiiiy study jRI/FSj cur1~11~1y being 
conducted for the SDA. These tests were conducted as part of the RI/KS 
Drocess. 

The objectives of these field tests were the following: 

. verify the operationai suitability of the electrode feeding system 

. verify acceptable vitrification in a region containing buried 
waste simiiar to that expected at the iiiii SDA 

l verify acceptable vitrification of a representative buried waste 
composition layer with minimum soil content 
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. verify acceptable vitrification of a buried waste layer with high 
metal content, approximately 11 wt% metal 

. assess the potential for radionuclide transport during the 
vitrification of buried waste by using nonradioactive tracer 
materials such as dysprosium oxide, terbium oxide, and ytterbium 
oxide 

. obtain engineering and scientific data necessary to assess the 
engineering capability of the ISV system, the safety of the 
process streams, and the suitability of the process as a remedial 
method for application to INEL buried waste. 

Two test pits were constructed near the Water Reactor Research Test 
Facility at INEL. These pits contained simulated waste with no hazardous or 
radioactive material. Test Pit Iwas designed to simulate a waste region of 
randomly disposed drums and boxes intermixed with fill dirt. Test Pit 2 was 
designed to simulate a region of stacked drums and a stacked box region 
containing high metal content waste. The materials contained in the drums and 
boxes were similar to waste types contained within the SDA buried waste. 

The first Intermediate Field Test started on June 12, 1990 and continued 
until June 15, reaching the depth of 2.4 m (8 ft). This test was more dynamic 
than previous ISV tests conducted by PNL. A series of pressure and 
temperature transient,spikes occurred within the off-gas hood as cans of 
buried combustible material were encountered. Electrical imbalances occurred 
in the power transformer due to an unusually small volume of molten glass and 
the lack of sufficient electrode control due to electrode sticking. The small 
volume of molten glass resulted from the greater percentage of void space in 
regions of buried waste relative to the normally occurring void percentage in 
soil. The smaller amounts of molten glass magnify the effects of transients 
on the power supply system. The insufficient electrode control resulted from 
the electrode coating sticking to the cold cap formed on top of the melt, 
thus, reducing the effectiveness of the electrode feed system. The test was 
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“---A -..__._ 1_____ ~abeu On the rxper.~en~es Of Test, ,i, __..-..-1 -L.---- ..-..- Z...LZI.~I.A xverd~ cnanges were Inst.Iv47.w 

prior to initiation of Test 2. These changes included additional overburden 
soil placed on top of the waste layer to provide a larger volume of molten 
^'I-^^ ..^h.-^-L^-l -,^^r--A-- L^ -_--I..-- -&>_1_1-_ _.l.l1L1_-_~ _- _.__ *>_--1 __-L___, !jlia~>, II"IIc"abLI" rIrCLl~V"rS L" re""Le >LlLKllpj, d"" I l. I"lldI "pTdL ,",,a, I;",ll.l-" I 
of electrodes using the electrode feed system to reduce the effects of 
transients on the power system, and an additional backup blower added to the 
air inlet ji& of the hoad to reduce the seveiejty of hood pi~ejjui~e iranjjenije 

The second Intermediate Field Test was conducted July 12-14, 1990. 
n..-:-- CLI- *-*c LL.^ --,A -._---^ -1-J AL ._-.. -I. AL_ A__L _1L L_ "UI "'y LII I> LtLSC Cllr IlIt! 1 L pr~ucrrur" LIII'""ljII Lilt! Lt!SL p, I. I," a depth of 
approximately 3.9 m (10.8 ft). The melt penetrated both the stacked can 
region and the stacked box region of high metal content waste. Hood pressure 
*........-i....C- . ..^...A _..^ L L.r aII>1511L> we, 5 lll"Lll reduced relative to ---* ICSL 1 due t.0 the iKi-SrS& XiiiXini Oi 

overburden placed over the waste, the increased control over electrode 
insertion and melt rate, and the more uniform heating of the stacked can 
..nn<nn +l...+ *a*.. ..b.rru..rA Electrical i...i..,^^r^- . ..^..^ ,.'1^^ ..-A..^^2 u^,-,A.,- A,. I yjl"ll *Ita* na.;r "YJSI "SY. Illl"a1a11b~a were alaY IS""C~" rrlaLl"s C" 
Test 1 due to the additional operational control of the electrode feed system 
and Dower transformer. 

Upon completion of Test 2, the two ISV blocks were allowed to cool prior 
to excavation on September 10, 1990. A careful and systematic excavation of 
the 1sy proce;jed pitj .*ias conducted in or&r to obtain phyjica; dejcripiionj 

of the waste pit morphology, the processed waste, and the vitrified product. 
Additionally, samples were collected for chemical and physical analysis and 
.I,.....killC., . ..^+.-- P ̂ -^- ..^_^ -1-:,,--I Z-A_ AL.. ..-- I_ c-._- --A --*_, *I.-L ""lca"lIICJ LsJLIIIy. b"lVS were "1~1 I It!U IIILU Lilr WdSLr ,",~I,, dil" meLdI LlldL 
pooled in the bottom of each pit to obtain analytical samples. 

^^..^-"? Th? yeller 01 Shape Of I^^* n'* __^___. :-- ..- 
icb~ r I i 1 after ISV pr.ucash frly vidb a bqudre Sha,it 

w:;til rounded corners. The depth from grcund surface to the uppermost glassy 
material in the pit bottom, as measured directly from ground level, was about 
1 5 m (5 ft). rl^..LL 5-,.- ^_^,, -A ^,.._ .c-^^ C^ &L.. ---- liLL __..L -.-- _I ----- AL- VrpL" I l"ill LJ'~"""U b"r~Ia.Le l." Lllr lliUll"l ll.ll CrllLelwJ *morKj Lllr 
four electrodes, was found to be about 1.9 m (6.1 ft). The monolith was 
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approximately oval and about 1.5 x 1.8 m (5 x 6 ft) with the long axis under 
diagonal electrodes (SW to NE). The thickness of the monolith was about 0.55 
to 0.6i m (I.8 to 2.0 ftj. Th2 total amount of processed waste form r'ecovered 
Iwas 8267 kg (18,225 lb). 

Tne yenera, snape or Lne lest rit L waste form was approximately 
rectangular with rounded corners. A significant amount of subsidence was 
observed in Test 2 with an approximate 60% reduction in volume as a result of 
_.___^^_ 2_- TL_ .l__LL r___- _.._. -A pr'ucr>> I "y. 1r1e U~J)LII I r.urr~ gr-uuriu sur.rd~e LO one menu I in upper sumace c--- L- AL- _.~..71LL ~.~~~~~~ ~~~~~r~~~ 

ranges from 2.2 to 2.3 m (7.2 to 7.5 ft), with the monolith being 0.98 m (3.2 
ft) in thickness. The maximum dimension of the monolith rectangle was 3.35 m 
111 22, _-A -:-I-..- ..- n mn 111 TL, d,bu m,nmum was L.YU m (9.5 ft). I'~- -'I'LL or I'~~ lntl welgn~ or ~"2 monolith was 
13,109 kg (28,9OC lb), and the total amount of vitrified waste recovered from 
Test Pit 2 was 17,430 kg (38,425 lb). All waste within the melt volume was 
_.______ 2 p'"Lcsse". 

The product from both pits generally consisted of a black (with green 
a.*_*_\ -7 ___.. -_L_._l_l -_-A-1..<..- LIIIL~J y~dasy wd~t:r.~d~ con~d~n~wj var~du~e amounts or ouooles ana crystalline ..-..A-L. .-~-.~~~I. or I~~~ILL3~~ ~~ I ~~~ ~&~TT. 

material. The amount of bubbles varied with position in the pits. Although 
the crystalline materials found in the products from the two test pits were 
..^_.. ^:-z,-_- Lt.- -^-_____ 1_ _____..____ very ,,,I,, ,a,, _I AL_ ~..,....1.7. ..-. ..-...,..A Lllr Illrya,L"p I‘ dp~ed,~drlLe "I Lilt: :ildLe,~IdI s was s"mewnaL 
different. Glass was the principle phase found within the monoliths. The 
outermost portion of the monolith, the most quickly cooled portion, was glassy 
,,SLL ,1LI,^ .l^..IL._:c1__LI_- I- -A.,.\ TL. n:l WlLll I lLL,C UeYlLi'lI lLdLl"l, ~cr'y,LdIs,. int: rl L i waste form was smai i er, 

cooled quicker, and so had little devitrification. Most of the material in 
the Test Pit 2 monolith was quite different in appearance. The Test Pit 2 
_^_^ 7:&L. ^^__ 2-L-d -c __ _..L_._-__L __-. .r LT..!. -T... .L...L r . .~. In I~- t lll"ll"IILII C"IIbISLe" "I dll ""Lellllo,L LOlIt: UT "IdCK glass ii"U"L 3.1 cm (C I"., 
thick followed by a white to beige to lavender zone with a very fine crystal 
structure (aphanitic) region 5.1 to 10.2 cm (2 to 4 in.) thick that graded 
1..*- ^ -_...___._ _._.._ L-1 _L . .._ L I-L 1L1.\ -.A...?.7 -~~~~A ~- IIILU a ~uur~ser~ ~r.ys~dt s~r~u~~urt: (pndner~tt~~ mdLerIdI. vurtng cooling, 
devitrification occurred within the glass monolith producing a feather-like 
crystalline phase called augite. The mineral augite, a variety of 
^11_^_...__..___ c I I rl"p,yr-"nellt! ( j j a ca~cium.magnesiumqron ricii silicate, . ~~~'L~ HU~IL~ is a common, 
naturally occurring pyroxene found in (volcanic rocks, such as the basaltic 
rocks found at the INEL, which have compositions and cooling histories similar 
‘- AL- ..1L._iC_:-> -_L_._i_, t." l.lltd "I LI~I I Ie" lllclLel'I*I in the intermediate iieid Tests reported here. 
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A series of tests were performed to determine the dissolution behavior 
of product aamples. The IFT tiaste forms do not exhibit hazardous 
characteristics of TCLP toxicity. Based on MCC-I leach testing data, the 
curability of the IFT waste form is comparable to naturaliy-occurring obsidian 
and granite, and 4 to 10 times more durable than typical high-level 
borosilicate nuclear waste glasses. Preliminary results from intrinsic rate 
constant measurements showed that the dissoiution rates of the iSV sampies 
range from 0.01 to 0.06 g/(m*,d) at 9O'C and pH 7. These values are 10 to 100 
times smaller than measured for a typical borosilicate nuclear waste glass. 
Devitrified sampies from these tests showed a trend to be more durabie in 
dissolution beh,avior than amorphous samples of equivalent bulk composition. 
Solids characteriza~tion of the ISV products showed that the ISV melts are 
chemically reducing, resuiting in Fe'+/Fe ratios >90%. iinder equivaient 

closed-system conditions, as might occur during the slow migration of water 
through cracks in the solid mass, the reaction of the ISV glass with water 
reduces the redox potentiai to the iower stabiiity iimit of water. iinder 

these conditions, several redox sensitive elements such as Se and Pu are 
expected to be sequestered in an alteration layer on the glass surface 
resuiting in a smaiier predicted reiease rate than caicuiated from the matrix 
dissolution rate alone. 

r., As part oi tnese tests, a tracer study was coriducied during iesiirig to 

provide qualitative assessment of the potential for radionuclide release 
during ISV processing of buried waste. During preparation of the test pits, 
rare-earth tracer eiements were added to seiected waste containers. The added 

tracers were oxides of dysprosium, terbium, and ytterbium (DyaO,, Tb,O,, 

'V',) 

After testing, the amounts of tracers were measured in the vitrified 
product, in the smears of in:ericr hood and off-gas piping surfaces, in the 

. ,. scruo solution, and in soil adjacent to the meit. Juaniitative determination 
k : ,,, ,^ 2 ,c e :_ 2 7:: 3 ; I_i 1, s w 2 9 :n~~;pered by sampling anc analysis uncertiin'ies. 

Neverthe;ess. results indicated that the majority of each tracer sas retained 
in the vitrified product as anticipated. The tracers concentrations were 

relatively homogenous throughout the glass and crystalline product. Order-of- 
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magnitude estimates for amounts of tracer materials released into the of,f-gas 
system for Test 1 !qere severai grams to seciera! tens of grams. This 
corresponds to up to several percent of the amounts initially added to the 
pit. 

The results of the tracer study suggest the need for further effort to 
estimate the potential for radionuclide release during ISV processing. 
Further data are needed to quantify the magnitude~of element retention by the 
melt; however, the data suggest that during buried waste ISV processing the 
retention of rare-earth tracers in the melt may be less than values previously 
reported for plutonium retention during processing of contaminated soil. The 
more dynamic melt off-gassing processes observed in these tests may enhance 
element release from the melt. Extrapolation of tracer results into 
predictions of plutonium behavior is currently without empirical foundation 
under ISV conditions; this is an area needing further investigation, including 
both theoretical analysis of release mechanisms and additional experimental 
data. 

Compared to previous ISV applications to contaminated soils conducted at 
other Department of Energy sites, ISV processing of buried waste at INEL 
resulted in a more dynamic process, especially with respect to melt off- 
gassing and electrical transients in the power system. Containment of off- 
gases within the hood may require a more robust hood and off-gas system than 
currently designed. An improved design for off-gas containment may also be 
required for other ISV applications capable of generating sudden gas releases, 
such as underground tanks. These engineering considerations do not impiy 
limitations in the fundamental ISV process. 

Analytical modeling of the hood off-gassing transients was conducted in 
an attempt to improve understanding of physical mechanisms of off-gassing. 
These efforts were of limited value because data collection was not sufficient 
to validate assumptions in the models used. However, based on the 
measurements and results of these tests, recommendations are made for .fuiure 
testing and data collection design to address off-gassing mechanisms. 
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Results from these tests indicate that the ability to add glass-forming 
materials during processing may be desirable for buried waste ISV. A 
significant volume reduction of the processed buried waste is attained; 
however, the resulting subsidence may result in uncovering adjacent waste. 

,Potential hazards of posttest activities would be alleviated by adding 
sufficient material (soil) during processing to keep the waste from being 
uncovered. This additional material may also serve to reduce electrical 
instabilities by reducing the impact of events such as glass flow into 
adjacent containers in the melt. Additional material may also buffer off-gas 
release as suggested by a comparison of results from these two tests. 

The successful completion of these tests indicates ISV is a feasible 
technology for application to buried waste. The process fully incorporated 
and dissolved simulated waste containers to produce a durable product. The 
electrode feed technology was successful in processing the high metal,content 
waste. The technique developed for use of movable electrodes will be 
beneficial for other ISV applications. 

Additional assessment of the ISV process for application to buried waste 
is being conducted at INEL using an integrated program of laboratory-testing, 
field-testing. and analytical modeling. 
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3~2 successful completion of the ISV Intermediate Field Tests resulted 
fron &L^ ^..^L:^^A -CJYC^-Cr "C ".?">, nilnnlrr ,+ rn>rnr,, inr+i+,,+innr The ,,lth"rr Lilt2 C"iilUIIIC" CI I", I,> "I ",Q"J I."yp,s a& _)C"FI ma I4I.,k,LUbIYII4. llli Y"*IIYI * 
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FINAL REPORT OF INTERMEDIATE FIELD TESTS AT 

IDAHO NATIONAL ENGINEERING LABORATORY, 

1. INTRODUCTION 

The U.S. Department of Energy (DDE) has identified the need to remediate 
waste disposed between 1954 and 1970 at the Subsurface Disposal Area (SDA) of 
the Radioactive Waste Management Complex (RWMC) at Idaho National Engineering 
Laboratory (INEL). The discovery of various contaminants, notably solvents, 
in groundwater underlying INEL has raised concerns over human health and 
environmental effects. In addition, organic contaminants and radionuclides 
have been detected in sedimentary interbeds and perched groundwater beneath 
the SDA, indicating migration away from the disposal area.' In November 1989, 
as a result of these discoveries and other waste disposal activities, INEL was 
placed on the U.S. Environmental Protection Agency (EPA) National Priority 
List under the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA). This listing has led to the need for the remedial 
investigation/feasibility study (RI/FS) currently being conducted at the SDA. 

As part of the RI/K, EG&G Idaho Waste Technology Development Department 
is conducting a treatability investigation of ISV as a remedial technology for 

use at the SDA. In situ vitrification (ISV) represents a promising technology 
for application to buried wastes. The technology was developed by Battelle, 
Pacific Northwest Laboratory (PNL) in the 1980s for remediation of soils 
contaminated with transuranic (TRU) material. The process utilizes electrical 
resistance heating to melt soil in place and fixes radioactive contamination 
by incorporation into a glass and crystalline waste form. Successful testing 
by PNL has proven the general feasibility and widespread applicability of the 
process. 

To assess the applicabiiity of ISV to buried waste, a comprehensive 
testing and analytical program has been developed. Testing is being done in a 

progressive fashion and includes both laboratory and field testing as well as 

1 



evaluation of the vitrified products. Analytical modeling is being used to 
define the tests and predict results. In this way, IS\/ will be evaluated in 
comparison to other likely candidates for SDA remediation. The overall 
treatability investigation process is being guided by established EPA . 
criteria. 

Two INEL Intermediate Field Tests were conducted as part of the ISV 
treatability investigation and represented the first testing of the ISV 
process in buried waste. The tests were designed to provide data on overall 
process suitability, performance of equipment, and potential technical issues 
of concern. This report provides results of the INEL tests and is organized 
as follows. Section 1 provides background information on the SDA buried waste 
site, the ISV process, and the intermediate-scale ISV equipment. Section 2 
outlines the test objectives and factors influencing the design of the tests. 
Information for Test 1 is presented in Section 3; this includes specific test 
objectives, details of test pit construction, and a detailed review and 
assessment of process data collected during the test. Similar information for 
Test 2 is provided in Section 4. Section 5 includes the observations and data 
collected during the posttest excavation of the two vitrified products, and 
results of product evaluation studies. Section 6 presents results of a study 
involving transport of tracer materials placed in the buried waste materials. 
A discussion of analytical modeling of hood transients is presented in 
Section 7. Conclusions are provided in Section 8. 

1.1 BRIEF HISTORY OF THE RADIOACTIVE WASTE MANAGEMENT COMPLEX 

The RWMC encompasses 144 acres in the southwest section of INEL, as 
shown in Figure 1. Formerly known as the Burial Ground, the SDA of the RWMC 
served as a disposal area for radioactive [intermediate- and low-level solid 
and liquid wastes and TRU and mixed-fission products] and nonradioactive 
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haiardous 'dastes. The buried wastes were primarily generated by the DOE Rocky 
'; ,i ': ; ,, 3 -, ,* ,L j,, 3fl$ i;,;:i opera:j,zns. 

The SD consists of belowground pits, trenches, and soil ro'# vawlts and 
one aboveground storage pad (Pad A). The pits are excavations that have 
surface areas of several acres and range in depth from 1.5 to 4.6 m (5 to 15 
ft). In general, the pits were excavated to bedrock and covered with 0.61 m 
(2 ft) of soil, although some waste is believed to lay directly on basalt. 
Closure of a filled pit involved applying a final soil cover a few yards deep 
and planting stabilizing vegetation on the final cover.' Trenches at the SDA 
range in length from 30.5 to 305 m (100 to over 1000 ft) and were excavated 
approximately 1.6 m (5 ft) wide and an average of 3.7 m (12 ft) deep on 4.9 m 
(16 ft) centers. The waste was emplaced and usually, but not always, covered 
with at least 0.91 m (3 ft) of soil. The first trench at the Burial Grounds 
was opened for solid waste disposal on July 8, 1952. For about two years only 
mixed-fission product waste was buried. In April 1954 the first shipment of 
waste from the Rocky Flats Plant was received and buried in shallow pits and 
trenches with no segregation of TRU, mixed-fission product, and nonradioactive 
hazardous wastes. By 1957, ten trenches at the 13-acre site were nearly 
filled. 

The site was then expanded to the 88-acre tract known today as the SDA. 
At that time, the use of large, open pits was initiated for the disposal of 

solid TRU wastes, with trenches reserved for the disposal of mixed-fission 
product wastes. Large, bulky items contaminated with mixed-fission product 
wastes were sometimes placed in the pits along with the TRU waste. During the 
196Os, the SDA continued to receive TRU waste for disposal in the shallow land 
pits. Wastes in containers were deposited into the pits and trenches. 
Approximately 60% of the containers were steel drums (30 to 55-gal), 5% were 
plywood boxes, and 30% were cardboard and fiberboard containers.' Vehicles 
and large pieces of equipment were deposited without containers. From 1952 to 
1963, the waste was stacked in the pits and trenches. From 1963 to 1969 the 
waste was randomly disposed into the pits to reduce worker exposure. This 
random placement continued until 1969, when stacking was reestablished. As a 
result, the distribution of wastes within the SDA is very heterogeneous, 
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making the rh.r.rtnrj~&i0fi af any partfofi of the pits & tren~!p~ cJiffjcg]t. ..!.“, . ...“... 

Disposal of TRU wastes in shallow pits and trenches at the SDA ceased in 1970. 
During the SDA operational period of 1952 through 1970, approximately 118,000 
m3 (A 7 millinn ft3) of waste weye disposed. \ !... a,,sII ,.,,, 

1.2 ISV PROCESS DESCRIPTION AND DEVELOPMENT STATUS 

ISV is a thermal treatment, that melts contaminated soils and wastes into 
a chemically inert glass or crystalline substance. The process is initiated 
Lag ...-I~~.J~- >~~....*.A oy a square array Of four graphite elecLroues Inset-tea a few inches into the 
ground, as shown in Figure 2. Because soil is not electrically conductive, a 
mixture of flaked graphite and glass frit is placed among the electrodes to 
serve as a starter path. Dnce an electrical potentiai is applied to the 
electrodes, an electrical current is started in the starter path beginning the 
melt. The graphite starter path is eventually consumed by oxidation, and the 

L- --l-.. -_z* .-L-L 1. - ..__ -___.I _I A-.._ _.__ L ..___ current IS transrerreu to one molten soil, WI, I cn 1s pr"cesst!" tLL WrnperdLUr~e!) 
between 1450 and 2OOO'C. As the molten or vitrified zone grows, it 
incorporates or encapsulates any radionuclides and nonvolatile hazardous ele- 
-__A_ _._ L _I . .._ L ..__ InenLs, sue,, as heavy meials, 1-*- AL- -3--- ,,,L" Lr,r Il,ass ,Lr"LL"rt!. TL- I._'-#. L----.--L...-- IlIt! II IlJ,l Lemc)er'*L.ur~e 
of the process destroys organic components by pyrolysis. The pyrolyzed 
by-products migrate to the surface of the vitrified zone and combust in the 
_..___ -__ ~r.~,e,,lt: of aii*. " L__J _,___.I _.._.. Al._ _..__ L-AI- . . ..L._.L-_:-J _I:.__..&_ &L^ H ll""U c)ldLW ""t!,' Llle dl't!d LJrIIIy "ILIIIIC" "Ir~eLLs Lllr 
gaseous effluent to an off-gas treatment system. The waste is then allowed to 
cool, trapping waste in the vitrified substance. 

The successful results of 59 tests conducted under a variety of site 
conditions and with a variety of waste types have proven the general feasibil- 

~. ~~1>..-...-_) ---31.-11...- -e IL- -..----- 2 ILY ano w3oespreao apPllcaL7ons or Lne Prucess. 7-L1A ALA-A IL- A1ec---L I au,e 1 Sll”W, Lilt: ” I T I er~r,lL 

scales of testing units that PNL used in developing and adapting ISV 
iechnolozy. In addition, economic studies have indicated tremendous economies 
ai scale are attainable v:jtii the isi: process,3 ISV technology, i-eiiiied to the 

point of t;eing conimercializec for specific type5 of contaminated soii sires 
has been broadly patented within the United States, Canada, Japan, Great 
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Figure 2. Electrode insertion during the ISV pr'ocess. 



Table 1. Testing units for developing ISV technology 

Number of 
Electrode Block Tests Completed r A C.-- r--____Ll__ omenr bize >eoaraLI"n. m si-e a$ af 19 ,I ,gn 

Bench-scale 0.11 1 to 10 kg 19 

Engineering-scale 0.23 to 0.36 0.05 to 1.0 t 33 

Intermediate-scale 0.9 to 1.5 10 to 50 t 20 

Large-scale 3.5 to 5.5 400 to 900 t 6 

Britain, and France. Current emphasis is on developing the technology for 
buried waste and other subsurface inclusions such as buried tanks. 

I* 3 INTERHEDIArE-SCALE TEST. SYSTEM 

The intermediate-scale test system consists of four graphite electrodes, 
a power control unit, ..,, vI. -3"" =n nff n=c cont~jnment &!d over the test site, and an 

off-gas treatment system housed in a portable semi-trailer, as shown in 
Figure 3. A layout of the ISV equipment at a typical site is shown in 
cin,,rn A 4 'yY,L 7. Figure 5 shows the system setup at the !NEL Test site: 

1.3.1 Power System Design 

The intermediate-scale power system uses a Scott-Tee connection to 
+..*WS...C,....,. b, a.1151 "I ,I, a ?-phase innll+ +n I 7-nh2rn r~rndarv lnarl nn Aiaonnallv nnnnsd ,,,p'u* *v u L y"'..L' "-..'...-..'.I .I__ _.. -.-=-..-. .* _rr ---- 

electrodes in a square pattern with a single potentiometer controlling both 
secondary phases, as shown in Figure 6 The 500-kW power supply may be either 
.,n,+ -.nn ns" r,,rrnn+ rnn,,, ,+orl ""ILays "/ CUIlCllb "y"1""". Tho altnrnstinn cgyrept nrimarv js rat& at. ,,,r "I *_I "..k"'X r. -. J 

480 V, 600 A, 3-phase, and 60 Hz. This 3-phase input on the primary side 
feeds the Scott-Tee connected transformer, providing a 2-phase secondary side 
,+L.n r,.rnnA‘3r*, nh2rnr =co Annntorl as phase ,A, 2nd phase Fti \ I,115 .lS~VII"~.I J y"'u-'za YI c "..IIv*L" -I. The frnncfnrmer - _ _ _ 
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Figure 6. Scott-Tee electrical connection for the pilot scale ISV system. 



has four separate voltage tap settings--1000 V, 650 V, 430 V, and 250 V. Each 
voltage tap has a corresponding amperage rating of 250 A, 385 A, 580 A, and 
1000 A per phase, respectively. The amount of 3-phase jnput power delivered 
to the transformer is controlled by adjusting the conduction angle of the 
thyristor switches located in each of the three input lines. These switches, 
in conjunction with selectable taps on the transformer secondary, regulate the 
amount of output power delivered to both secondary phases. The Scott-Tee 
setup requires transformer taps at 50 and 86.6% of the primary transformer 
windings. The Scott-Tee connection provides an even power distribution when 
the molten zone approaches a uniform resistance load. The primary and 
secondary current is balanced for a Scott-Tee system when a balanced load 
exists. 

1.3.2 Electrodes and Electrode Feed System 

The graphite electrodes used to conduct current to the molten soil are 
15.25 cm (6 in.) diameter and approximately 1.8 m (6 ft) long and are set up 
in a square array separated by a distance of 1.07 m (3.5 ft). Each electrode 
length is machined with female threads to allow connection of successive 
lengths via male threaded graphite connecting pins. The electrodes are 
initially buried to depths of 15 to 61 cm (6 to 24 in.), and the conductive 
mixture of starter path, consisting of graphite and glass frit, laid around 
and between the electrodes. 

Electrodes .are fed into the melt via a pneumatically controlled,feed 

system. The electrode feed assemblies consist of four independently 
controlled, air-actuated systems with a feed system for each electrode. Each 

feed system has two air-actuated clamps and an air driven motor that provides 
vertical movement for one of the two air-actuated clamps. The moveable clamp 
allows the electrode to be inserted into or retracted from the melt. A second 
stationary clamp is provided to hold the electrode while the moveable 
electrode is being repositioned. Electrical contact from the power cables to 
each electrode is provided by a copper contact ring (brush), which is 
compressed to provide sufficient contact with the electrodes via a set of 
adjustable tension springs. 

12 
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Normally, operations are conducted with the electrodes in a nongripped 
mode allowing the electrodes to rest on the bottom of the advancing melt 
front. As metallic objects, molten metal pools, or other electrically 
disruptive situations are encountered, the feed system is util'ized to retract 
the affected electrode(s) until a stable electrical balance is achieved. 
Typically, a retraction of only 2 to 3 cm (1 to 2 in.) is needed to restore 
balance. 

1.3.3 Starter Path 

The starter path, consisting of a mixture of 35% glass frit and 65% 
graphite flake, is placed in a rectangular configuration with an electrode at 
each corner and a diagonal connecting the opposing electrodes. Preparations 
for laying the starter path involve ensuring the top soil of the area to be 
vitrified is free of coarse rock and other nonhomogeneous inclusions. The 
area is then covered with a 15 cm (6 in.) layer bf sand. Next, a wooden form 
constructed of 2 x 4 in. studs cut to the length,of the rectangular 
configuration is buried in the sand to the grade level and the area watered. 
Once the water has permeated the sand to at least the bottom of the studs, the 
studs are carefully removed leaving a trench with the approximate dimensions 
of 4 cm (1.5 in.) wide by g cm (3.5 in.) deep. In addition, hand-formed 
trenches of the same dimensions are formed around each of the four electrodes. 

At this point, a 2.5-cm (1 in.) deep layer of pure graphite flake is placed 
around the circumference of each electrode. Next, a 2.5 cm (1 in.) layer of 
the graphite/frit mixture is laid, and, finally, a 4 to 5 cm (1.5 to 2 in.) 
layer of the graphite/frit mixture is laid in the rectangular trench and also 
in the trenches of the diagonally opposing electrode pairs. Once the starter 

path is completed, it is covered with a 2.5 to 5 cm (1 to 2 in.) layer of fine 
soil or sand and is lightly patted in place. This layer of soil helps reduce 

the graphite particulate generation and carryover to the off-gas treatmerit 
system once powered operations are initiated. 

Final preparations in the hood involve the placement of two layers of 1 
in. thick KAO-WOOL insulation over the area to be vitrified. This silica 
insulation blanket is used to keep heat losses from the ,mol,ten soil to a 
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minimum, especially during the early stages of operations. During the latter 
stages of operations, after the melt has achieved greater depths, the heat 
losses are limited by the formation of the naturally occurring cold cap, which 
is a frozen layer of glass covering the molten zone. 

1.3.4 Off-Gas Containment Hood 

The off-gas containment hood is designed to collect off-gasses emanating 
from the melt and to direct them to an off-gas treatment system. Typical 
operating conditions in the hood range from 1 to 2 in. of water vacuum and 200 
to 400°C. The hood is operated at the slight vacuum, which is created by an 
induced draft blower, and has a volume of approximately 28.3 m3 (1000 ft3) to 
provide a surge capacity that minimizes vacuum loss during periods of sudden 
gas release. With a flow of between 10 and 15 m3/min, gasses in the hood have 
a residence time of approximately 2 minutes. 

The hood is an octagonal pyramid positioned above the containment shell 
and provides a working platform for the electrode feed system, access for 
,maintenance personnel during nonpowered periods of operation, and support for 
the containment shell, as shown in Figure 3 (see p. 8). Off-gasses collected 
in the hood are directed to the off-gas treatment system via a 20.3-cm (a-in.) 
diameter off-gas pipe. The complete off-gas hood assembly is highly portable 
and can be assembled for operation in less than 1 day. The containment hood 
is constructed from 304L stainless steel sheet metal, with the side panels 
constructed from 18 gauge sheet metal and the top constructed of 14 gauge 
sheet metal. The containment hood is fitted with a removable door for entry 
prior to and following the test. A viewing window to observe the melt during 
processing is included as an integral part of the door design. Electrodes 
penetrate through the roof of the hood down to the zone to be vitrified, with 

seals composed of three independent layers of KAO-TEX 1000 (a tight-weave high 
silica fabric suitable for use in high temperature applications) around each 
electrode. The electrode seal is created by a press fit of the 15.25-cm 
(6 in.) diameter electrode through a 14 cm (5.5 in.) diameter hole in each of 
the fabric layers. This fabric configuration provides a relatively tight seal 
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around each electrode. The containment hood is sealed to the ground by piling 
soil around the base. 

The hood design includes a seal pot assembly with a high-efficiency 
particulate air (HEPA) filter assembly. The seal pot assembly allows 
controlled air in-leakage into the hood for regulating vacuum and acts as a 
passive pressure relief system if the hood pressurizes from sudden gas 
releases. High pressure of approximately 1 in. of water causes a water seal 
to relieve and allows off-gases into the containment hood through the HEPA 
filter prior to venting the gases to the environment. 

1.3.5 Off-Gas Treatment System 

The off-gas passes through the off-gas treatment system, which consists 
of a Venturi-Ejector scrubber and separator, a Hydro-Sonic scrubber, a 
separator, a condenser, another separator, a heater, two stages of HEPA 
filtration, and a blower. The off-gas system is shown schematically in 
Figure 7. Liquid to the two wet scrubbers is supplied by two independent 
scrub recirculation tanks, each equipped with a pump and heat exchanger. The 
entire off-gas system has been installed in a 13.7-m long (45 ft) semi-trailer 
to facilitate transport to a waste site. Equipment layout within the trailer 

is illustrated in Figure 3 (see p. 8). All off-gas components except the 

final stage HEPA filter and blower are housed within a removable containment 
module. The containment module with gloved access for remote operations is 
maintained under a slight vacuum. This system was originally designed for 

testing radioactive-contaminated soil at the DOE Hanford Site. 

The Venturi-Ejector scrubber serves as an off-gas quencher and as a 
high-energy scrubber. Heat is removed from the off-gas primarily via the 
Venturi-Ejector scrubber where aqueous scrubbing solution is sprayed into the 
off-gas stream. Heat removal from the scrub solution is accomplished by a 
clcsed lcop cooling system, which consists of an air/liquid heat exchanger, a 
coolant storage tank, and a pump. A 50% water/ethylene glycol mix is pumped 
from the storage tank, through the shel,l side of the condenser, to the two 
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Figure 7. !khematic diagram of the intermediate scale I!3 off-gas treatment system 



scrub solution heat exchangers and then through the air/liquid exchanger where 
heat is removed from the coolant and discharged to the environment. The 
second scrubber is a two-stage Hydro-Sonic scrubber (tandem nozzle scrubber), 
as illustrated in Figure 8. The first stage condenses vapors{ removes larger 
particles, and initiates growth of the finer particles so that they are more 
easily captured in the second stage. Particulate is captured when the gas is 
mixed with fine water droplets produced by spraying water into the exhaust of 
the subsonic nozzle. Mixing and droplet growth continue down the length of 
the mixing tube. Large droplets containing the particulate are then removed 
by a vane separator and drained back into the scrub tank. The unit is 
designed to remove over 90% of all particulate greater than 0.5 p in diameter 
when operated at's differential pressure of 50 in. of water. Removal 
efficiency increases with an increase in pressure differential. Additional 
water is removed from the gas system by a condenser having a heat exchange 
area of 8.9 m* (96 ft.') and a final separator. The gasses are then reheated 
-25°C above the dew point in a 30-kW heater to prevent condensate in the HEPA 
filters. 

The final components of the off-gas treatment system consist of two 
off-gas HEPA filters and an induced draft blower. The first stage of 
filtration consists of two 61 x 61 x 29-cm (24 x 24 x 11.5-in.) HEPA filters 
in parallel. During operation, one filter is used and the other remains as a 

backup in case the primary filter becomes loaded. The primary filter can be 

changed out during operation without process shutdown. The second-stage 
filter acts as a backup particulate filter in case a first-stage filter fails 
and is identical in construction and filtering efficiency as the initial-stage 
filters. The induced draft blower provides a total off-gas flow of between 10 
to 20 m3/min and creates a vacuum of approximately 100 in. of water. 

1.3.6 Data Acquisition Systems 

The Data Acquisition System (SlS) arid associated instrumentation provide 
extensive process monitoring capabilities for ISV testing. For process 
control, inputs from process instruments are routed through a Hewlett Packard 
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--A.? P..r.-,” d-*~ ~~~~~.~I&.~~~ ~~~1 ~~~I~~-- ~,I ,.~~I~~~, I~ muue~ 371~ aata acquIsIrIon ana control un~r. rln~eo to a Fiacintosh ii CX 

computer operating Lab View 2.0 software. The DAS scans, records, displays, 
and files process control informational data at the rate of twice per m inute. 
TL- _^ r*. .-.-- -7, -..- --__ -*:_,,.. ->-..,A --_-..- ---l__.,_L1_- lllr >"I LWdr.r dl I"W S  t$,senLl*l 1.y > Illl"I Ldlle""~ llldHIc)"ldLI"II "1 reL"r~"e" "dl.Q _c ._-__._ >__I .l_A_ 

(for producing trend plots, etc.) while acquiring and storing data. 

A  SXOiid indepeiideiit Sq'StSi, ---^ -1 LL^ n.-3-.-r*.. n-A- rnn\ _..^ I.._ jCanj IlW lltw LllC f-l~llJ,~l L.J "(LLII ('Y, .J.l.rw, , 
records, displays, and files critical process data at the rate of once per 
second. The PD system also features a visual alarm  function to notify 
^..^--*^..." Cl.-+ ^..^u..+G^-.., ,;."z+.. ,-1....1^- "per (ILUI 3 bII(Lb up,rr ab I"IIa.I 6 I~UI L, \"CS 'y" par alllt!LeI >) llQ"r "rrll I ra.clleu. ^_ I__^ ha-"\ L _..^ I.^^.. -^-^L-A This 
system utilizes a second Macintosh II CX computer operating Lab View 2.0 
software to monitor the following eight data points associated with the 
,.LC ^_^ -^-A-:-...^-* L---l "I I -ya> cull La I lilllrll L llU"U. 

. Two redundant hood vacuum points 

. One plenum  temperature , 

i n..m  ^zJC -^- ^.,1C &^--^--c ..Y^ "llc! "I I -y*, ex I I. Lelllpel aL.ur c 

. Two wall temperatures (external and internal) 

. Two roof temperatures (external and internal). 

TL^..^ ^:"I.* ^-""-^&^-^ ur^^u.l^A I.,, CL.. nn ^,.^A^- ^I^ ---..,..-I Illrae c I'$"b par a.IlleLel > l~rL"r~"r" uy Lllr C" .ysbtm  a, t2 >awplr" and stored at : 
second intervals; whereas the,parameters recorded by the DAS are sampled and 
stored at 30 second intervals. As a result of this sampling frequency, the PD 
_.,^ c-m  _Y^.. :-I^^ L^CI^.- ._^^^ ,..*a-- -.c .L^ >J>LWll p'V"'Urs "rLLrl rc>",vl.u"lu "1 blitz 111clX1lll"lll "(IIUC, "I L,~all,lellL -_., J........ ..-7 ..^^ ^C c--..":^^& 

temperatures and pressures recorded in the hood. Inspection of the test data 
indlcted the better resoiution of the PD system was significant only in the 
..^^^riz^e. ,.t i.,.,.A _"L^ "ll"^ I eculullly "I li""" p'c>>"rr il allJIrllL> LrcLa">c "I *u-"^;^c+^ i^^" .,L^ -‘ ct... .....YiA . . . . . . . . -c LllC rap" 'pl"',"' i'i 
pressure. In the case of pressure, the maximum vaiue of pressure attaineti is 
more accurately recorded by the PD system. The rate of temperature ch:hge 
:..":,I,. &I^ L.---l .._^ "7^., ^_^,.^ L A^ L^ "^^...-- C-1,. ,,I> I"C Lllr l,U"" w*> > I"W  rr,vuyr, C" UT (LLL.", dL.ClJ I es"IYr" "J e, LllCl .*^-^,..^-I t... ^:AL^.- ;ble DAS or 

the PD system. 
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The pressure transducers are Omega type transducers with a response time 
significantly better than 1 second. The range for the transducers is set to 
5 in. of water vacuum to 5 in. of water pressure. 'ihe hood temperatures 
monitored by the PO system are acquired via l/8-in. ungrounded stainless steel 

I , sheathed type K thermocouples. 
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2, TEST OBJECTIVES AND TEST DESIGN BACKGROUND 

2.1 TEST OBJECTIVES 

Six major test objectives for the ISV Intermediate Scale Tests were 
identified. 

. Verify the operational suitability of the electrode feed system 

(EFS) 

. Verify acceptable vitrification in a region containing waste forms 
similar to those expected at the SDA 

. Verify acceptable vitrification of a representative waste 
composition layer with minimum soil content 

. Verify acceptable vitrification of a waste layer with high metal 
content 

. Assess the potential for radionuclide transport during the 
vitrification process by using nonradioactive tracer materials 

. Obtain engineering and scientific data necessary to assess the 
engineering capability of the ISV system, safety of the process 
_A.___-_ - - ^ ̂  ̂  ̂  - _  ̂  > Llt!dlllS, and suitability of the p'~"Lrss a> a remedial method. 

Each of these objectives is justified as follows: 

(a) Operational suitability of the EFS. All previous ISV tests have 
been conducted with the electrodes fixed at their maximum depth in 
the gieoun; in piTe;rjj]e; holej. TL^ I-T? L-- I...-- -I^^Z^..^-I t,., ,llV cr3 I,cib "rrll UC> Iyi'ru ..i 
allow the melt to be started with the electrodes inserted at 
depths of 15 to 61 cm (6 to 24 in.). As the melt progresses, the 
^,^^L.*^J^- _._^ c--I A ̂ .._ *^ *L..:.- -I^^:-^A .l^..CL Tl.<- -^cL^A ,.c k!,rLL,~""e~ ol~e ,cu ""Wll b" LllCll UC> irr" UepLII. 11113 lllrbIIY" "I 
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(b) 

operation (no predrilling) is highly desirable to reduce 
contamination spread and exposure at radioactive sites. The 
suitability of the EFS will be demonstrated at the 
intermediate-scale before a full-scale EFS is designed and,built. 

Verify vitrification in a region containing waste forms similar to 
those found in the SDA. It is necessary to demonstrate the 
suitabiiity of the iSV technoiogy in producing acceptabie 
vitrified product from soil and waste forms like those found in 
the SDA. Where applicable, information from SDA Pit 9 was used as 
a representative; however, it is recognized that there is 
significant uncertainty and variability regarding waste 
composition throughout the SDA. 

(c) Verify vitrification of a waste layer with minimum soil content. 
Stacked boxes and drums in areas of the SDA could result in waste 
iayers with reduced amounts of soii. it is necessary to verify 
the technique will provide suitable vitrification in these 
situations. 

(d) Verify acceptable vitrification of a waste layer with high metal 
content. Areas of high metal content can potentially result in 

.~~L...~..~.L .L...L~._ the formation of a metaliic pooi iayer with suosequen~ snorclng Of 

the electrodes. It is necessary to verify the suitability of the 
ISV/EFS technique under such circumstances because large metallic 
objects and areas of high metaiiic content may occur in the SDA. 

(e) Assess the potential for radionuclide transport. The 
~~~~~~ LI~- intermediate-scaie tests present an opportunity to assess tne 

behavior of radionuclides by using nonradioactive, nonhazardous 
simulants. Potential problems can be identified and addressed 

I. ~I .~~~1 prior to fuii-scale testing in raaiaaczively contaminated waste. 

(f) Obtain engineering and scientific data necessary to assess the 
~.~ ..~~~IL.I!L~~ .r LL. TCI, -...I.-.. --P-I. _E AL- engineering capaoiliry OT me 13~ systems, saret,y "IT L.rle process 

streams, and suitability of the process as a remedial method. 
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Because these tests were the first field tests of ISV for buried waste 
applications, they provided an opportunity to discover potential issues of 
concern. Additionally, they provided product samples for characterization 
efforts. 

Because the primary purpose of the ISV process is to stabilize and 
immobilize nuclear and toxic waste components, the chemical morphology and 
release characteristics of ISV products must be known to provide an accurate 
performance assessment. The properties of ISV products are directly related 
to the composition of the waste and surrounding soil and the thermal history 
of materials reacted during vitrification and cooling. The application of the 
ISV process to buried waste and soil at INEL presents unique conditions 
compared to the homogeneous soil/waste conditions previously tested at Hanford 
and Oak Ridge National Laboratory. Because the INEL soil and buried waste 
differ from previous ISV tests of soil and waste, a detailed characterization 
of the INEL ISV products is required. 

It is necessary to collect data that will allow assessment of the 
engineering, safety, and environmental acceptability of the ISV process when 
applied at the SDA. Of particular concern is the off-gas transients that may 
occur during the processing of buried combustibles. There is little data 
available for this application. The presence of nonhomogeneous waste such as 
Lpi;? r,+-ic;l t;:<st_c il. ii:e SDA and the amounts of combustible waste require a 
solid understanding of vitrification of different waste forms and gas releases 
from the melt be obtained. In addition, the engineering data obtained may be 
used to define design requirements for future testing or production systems. 

2.2 TEST DESIGN INFORMATION 

1 :',';, 1 !I, 'L i : v .,I f ~ i .. e :' : r -, c 7 ,z :; T Z'> i 1 5 tiei-e oesigned to meet test oC;:ec?i':(ii 
j 1,:' ; :; es.! : y! : p:., ::;, 2 ; / 113 f f i's +" 7, e ;';, i ,z.s G.2 j i crlz2d py j r;,i rj i y ;: ;!s 5 -3 j 5; ; 'I? 

,, .:: ; ~1 ( ', ,:; : ( I'<; - \, :., : 5 ; G L,, o j L. L ,i,e ss:.:,:, ., ._:..:.'I ,_ 
i;; 5, fj E I, .; c '; 6 ,y: I, <:, 2 : : & i ,T i i. --fo-nlance irl reF<ons of siackeo orums and i:l -eg;i::s 

contajning nipi:-t;etal content wastes. A number of issues infiuenced the 
design of both tests and are described below. 
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2.2.1 Radionuclides and Hazardous Chemicals 

Because the major objectives of the ISV Intermediate Field Tests were 
related to overall assessment of the ISV process on buried waste, 
rzdjgnucji&s 2nd hazard_o~s rhemicalz were excluded- _ _ _ - - The exclusion of 
radionuclides was expected ~to have little effect on vitrification process 
parameters. The overall process behavior would be expected to be similar 
whether or not raclinnuclides were oresent, However: the exclusion of volatile ___._..__. --- 
organic materials was recognized to be a compromise in that vitrification 
parameters may be different in areas of the SDA where organic materials are 
nrDcant ,' ---"-. Data collected as nart of the ISV laboratory testing program will be _ _ _ _ _ _ _ _- r -. 
used to assess potential areas of difference. Measurements of organic 
migration will be conducted in controlled conditions during laboratory 
t~ectino. - - - - = 

2.2.2 Scaling Issues 

The tests were conducted using PNL intermediate-scale equipment that 
mandated the test pits be scaled allowing test data to assess the expected 
performance of a large scale system at the SDA. PNL provided computer derived 
recommendations for electrode spacing for both the intermediate scale and 
large scale ISV systems. A 3.51-m (11.5-ft) distance between the large scale 
electrodes was recommended for a 6.10 m (20 ft) melt depth of INEL soil. The 

recommended intermediate scale value for electrode spacing was 1.07 m (3.5 ft) 
and was scaled from the large scale spacing to provide equal power density 
IkW/m*I to the melt at each scale. The intermediate scale ISV system has a \ .--., .-. I 
reduced power output relative to the large scale system. 

The waste containers used in the intermediate-scale test were scaled 

representations of 55-gal drums and 1.2 x 1.2 x 2.4 m (4 x 4 x 8 ft) boxes. 
The linear dimensions were reduced by the ratio of the electrode spacing 
/3.5/11.51. therefore reducing the volume of waste containers by (3.5/11.5)3. ,-.-, -- ..,, ~~~~~ 
Standard containers with volumes closely approximating the calculated scaled 
volumes were used. 
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2.2.3 Waste Fractions and Disposal Efficiency 

The intermediate-scale test pits were designed to include waste 
fractions similar to those found in the SDA.& Significant uncprtainties exist 
regarding the distribution of waste throughout the SDA. The soiid radioactive 
waste stored at the SDA is mixed with nonhazardous waste including broken 
equipment, lumber, paper, rags, plastic, and other solid debris. In addition, 
substantial amounts of organic waste from the Rocky Fiats Piant exist in 
several pits. The test pit waste fractions for drums and,boxes are found in 
Table 2. Separate waste materials were not mixed within individual drums 
(i.e., 50% of the drums consisted of entireiy combustibies, 30% of entireiy 
sludge, etc.). 

Table 2. Volume of waste fractions 

Container 
Drums: 

Boxes: 

Contents 

51 udge 
Combustibles 
Metals 
Concrete/glass 
Wood 

Metal 
Concrete/glass/ 
wood 

Waste Fraction 

0,30 
0.50 
0.08 
0.10 
0.02 

0.80 

0.20 

In addition, significant amounts of organic wastes contained in 55-gal 
drums from the Rocky Flats Plant are buried in Pits 5, 6, 9, and 10. Much of 
the sludge buried in Pit 9 consists of Organic Setups, Content Code 3, which 
was produced from treatment of liquid organic wastes generated by various 
plutonium and nonplutonium operations at Rocky Flats P1ant.5 



SDA-representative disposal efficiencies needs to be assessed. For Pit 9, a 
reasonable estimate of disposal efficiency is 0.25;' however, this is an 
average value for the entire pit. In local areas such as a stacked drum or 
box region, the disposal efficiency can be significantly higher. 

2.2.4 Waste Materials Composition 

The materials used in preparing the pit waste included steel drums and 
cardboard boxes. The 55-gal drums were simulated with carbon steel containers 
manufactured by Central Can Company of Chicago, Illinois. The containers were 
approximately 9.5 L (2.5 gal) capacity and 0.79 kg (1.75 lb). A lid was 
provided for each container and could be crimped to contain the waste; 
however, no effort was made to seal the cans. The boxes were simulated with 
standard cardboard boxes manufactured by Tharco Company of Salt Lake City, 
Utah. For structural strength, each box consisted of two boxes: an inner and 
outer box. The inner box measured 76 x 46 x 41 cm (30 x 18 x 16 in.), and the 
outer box measured 77 x 47 x 47 cm (30.5 x 18.5 x 18.5 in.). The combined, 
weight of the boxes was 3.6 kg (8 lb). 

The waste materials placed into the containers consisted of simulated 
sludge, combustibles, concrete/glass, metal, and wood. The combustibles 
consisted of computer paper and fabric used for combat fatigues. The concrete 
was obtained from a scrap pile 200-300 yards southeast of the INEL Water 
Reactor Research Test Facility (WRRTF) and was verified to be free of 
radioactive material by Test Area North (TAN) Health Physics. The glass was 
purchased from American Recycling in Idaho Falls, Idaho. Wood used as waste 
material was obtained from INEL cold waste dumpsters. The metal waste 
consisted of carbon steel and stainless steel from scrap piles on-site and at 
Pacific Steel. Much of the scrap carbon steel was rusted. Additionally, the 
carbon steel cans used to contain the waste were exposed to the weather prior 
to being placed in the pits and were rusted as well. It should be noted that 
previous retrieval projects at the SDA have resulted in the retrieval of badly 
deteriorated drums.6,7 Most likely the containers used for the ISV 

a. Engineering Design File, BWP-ISV-011 
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Intermediate Field Tests, even though slightly rusted, are in as good or 
better shape than most 55-gal drums likely to be found at the SDA. 

Sludge was simulated by mixing 1.05 kg (2.31 lb) of MICRO-CEL E, 0.32 kg 
(0.70 lb) of FLOOR DRI, and 3.50 kg (7.71 lb) of water. MICRO-CEL E is the 

main ingredient used for solidification of Content Code 3 sludge. FLOOR-DRI 
is a,dried clay material that simulates the clay material used in preparation 
of Rocky Flats Plant sludge. Table 3 provides a typical analysis of MICRO-CEL 
E and FLOOR-DRI. Hazardous organic materials were not added to the test pits; 
instead, the test pit sludge materials consisted of absorbent materials minus 
the organic materials. Water was substituted for the organic volume in order 
to provide a more realistic amount of vapor release into the off-gas system. 

2.2.5 Test Pit Soil Material 

The ISV test pits were built near the WRRTF at TAN, approximately 27 mi. 
northeast of the RWMC, as shown in Figure 9. In order to minimize the 
potential for processing difference resulting from different soil types found 
at the SDA and WRRTF, soil from the SDA lakebed (located near the RWMC but not 
part of the SDA area) was used for backfilling the ISV test pits. Soil from 
the lakebed was typically used as backfill soil within the SDA when additional 
soil was needed (e.g., to fill in subsided areas in the overburden or to 
sap??) additional overburden stil). Table 4 shows an analysjs of the olinera! 

constituents of the SDA lakebed soil. 

2.2.6 Selection of Tracer Materials 

Both test pits contained rare-earth tracers used to simulate the 
presence of plutonium. Test Pit 1 was spiked with three tracers: dysprosium 

oxide, ytterbium oxide, and terbium oxide. Test Pit 2 was spiked with 

dysprosium oxide. Detail on the Tracer placement and objectives of the Tracer 

is orese:i?ed in Sections 6.3 and 6.4. 
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Table 3. Chemical composition of sludge 

Element 

MICRO-CEL En 
SiO, 
A' 83 
:ibD3 

NO 
Z"ti" 

Lt;Ib 

FLOOR DRIC 

ii :d, 

:so3 
Kg0 
Na 0 
Kd 
Hi0 

Neiaht Percent 

56.0 ' 
3.8 

26.0 1.0 

0.7 
0.6 

1::: 

89.2 4.0 

i:: 
0.3 
0.25 
0.25 
4.0 

The data for MICRO-CEL E were obtained from the manufacturer: Manville 
krporation, Filtration and Minerals Division, Denver, Colorado 80217-5108 
(303) 978-2000. 

b. The loss on ignition (LOI) is assumed to include water and other 
nonhazardous volative materials. 

The data for FLOOR DRI were obtained from Mr. Pat Flynn of Eagle-Picher, 
k&o, Nevada 89510, (702) 322-3331. 
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Figure 9. 
took place. 

Map of INEL showing the WRRTF where the Intermediate-Scale Test 
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Table 4. Chemical composition of SDA lakebed soila 

Element Neiqht Percent 

Silicon Oxide (SiO,) ",..-A-..- ,-..I>- 111 n 1 n 1 "ill, nun "X 1 "t: 
Iron Oxide 

\n I z"s, 
(Fe OS) 

Calcium Oxide f CaO) 
Potassium Oxide (K,O) 
Magnesium Oxide (MgO) 
Sodium Oxide (Na 0) 
Titanium Oxide 010,) 
Manganese Oxide (M&a) 
Barium Oxide (BaO) 71.---- 1..- n..r.l- IT.-,-. \ Llr~L"II1Ulll "AI"= (‘rv2) 
Boron Oxide (B 0,) 
Nickel Oxide (fii0) 
Strontium Oxide (SrO) 
Chromium Oxide (Cr,Os) 

62.60 11 nr 11.03 
4.25 
3.68 
2.99 
1 .7-2 
1.37 
0.68 
0.10 
0.09 

Total Oxide 

Water (HaO) 

0 05 
0:05 
0.04 
0.02 

0.02 

89.5 

7.50 

Jntermed'ate-Scale Testina of In Situ Vitr ification IS-INEL 
Test Plan, Rev! 1, Pacific Northwest Laboratories, March i990. 

2.3 TEST PIT CONSTRUCTION BACKGROUND INFORMATION 

Two test pits were constructed for the ISV Intermediate Field Tests. In 
March 1989 a previously disturbed area (old baseball diamond) near the WRRTF 
I..... rl. era.. 4Trul r,....+r..r+:rr rC the +,.rr+ ni+r Ti.4r . ..n- ,_,*c ,.I.,..-,... nri.".rilt, "a.., CIIY~SII I", \r"IIJL.l "LL#"II "I *ciJ* p,ca. 111 IJ m, 5a n-a \rll"asII pr 1111a1 , 3, 
because of the relative ease of supplying the required power. An 
environmental evaluation was performed prior to fieldwork activities. In May 
1geg foi;p b.,rr 1.11 I.. ~,,n,,rmr( II"152 "S,S a.uyu,su In the ground at +L... +nr+ r:+n +n . ..-.u.C,, ct.-,+ LllCi r,sa* a1L.5 *v "51 I', *IIcl* 
there was sufficient topsoil for construction of the test pits. In the area 
of the test pit there was 3.65 to 5.18 m (12 to 17 ft) of soil above basalt, 
,.,i+l. CL.,. +,-.,nrmi, at +&se ,.,m r+,.wn m,.r+ l.P.1" Lain" 2 CE m II') cc, n, LOI *115 *vv*v I I orir\r to test *,,c "sJLstII-III">* <I"15 "C'".j _I."4 11, ,'L 'b,. II I", 
pit excavation, the test area was surveyed and staked, allowing correct 
placement of the two test pits relative to the position of the off-gas and 
s,-hminir+..s+iun +...,i,n..r r-nnr+r,tr+inn mc +I.0 tar+ ni+r k.n.n &llnllr+ 91 ~"II18I,I.?bI rn8,l.F *a PI 1-1 a. U1,11.zb, uc*IYII "I *IIF *c11* y, b.2 "G.jO" on "".j".x' *r, 

1989. Test Pit 1 was filled on September 1-2, and Test Pit 2 was filled on 



September 7-n. . I.. Dur!ng p!t d!gg!ng and ffll ing the weather was sunny and dry. 
After filling, the test pits were left undisturbed. No subsidence of the soil 
in the test pits was observed prior to the initial test operations in October 
!989* 

The waste containers for the test were filled in June - July 1989. 
After f i l l inn t~hpv were stored inside the WRRTF fence until the test pits were 1 -..-.P 
ready to be filled. The boxes were stored inside to protect them from the 
weather, and the cans were stored outside stacked on pallets. Rusting 
occurred on the G!wnnzon cans: -..r---- 

’ I 
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